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Text S1. Meteorological condition and backward trajectories

The temperature (T) of CE1 was the lowest of the four CEs, while the T of CE3 was the highest. In CE2, RH was the
highest in four CEs. The air mass of CE1 originated from the southwest of the Shanghuang site. The duration time of CE2 was
22.5 hours, during which the origin of air mass turned from southwest (Fujian and Jiangxi provinces) to north (Mongolia) at
12:00 on May 12%, resulting in a marked decrease in PM, s concentration. CE3 lasted for 1.5 h, the shortest duration time, so
RH and T were more stable. The air mass in CE3 originated from the ocean in the southeast, which is different from other CEs.
The duration time of CE4 is 34 h, the longest of all CEs, the air mass of which came from the southwest and turned to the

northeast in the second half of the duration time at 17:00 on May 27%.
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Figure S1. Operational definition of the pre-cloud, in-cloud (including sample types of CD and INT) and post-cloud stages in (a)
20 CEl, (b) CE2, (¢) CE3, and (d) CE4. Time series of CcH100s is shown as an example. CD, INT, and CF samples are shaded in blue,
purple, and gray, respectively.
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25 Figure S2. HYSPLIT 3-day backward trajectory analysis of air masses arriving at the Shanghuang site in (a) CE1, (b) CE2, (c) CE3,
and (d) CE4. Trajectories are based on cluster analysis for CE1, CE2 and CE4. For CE3, due to its short duration, only 7-hour

trajectories are shown with time in UTC.
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Figure S3. Detailed relative contribution of OA. The average carbon number distribution of differences between CD and CF are
colored by oxygen number of CE2 (a), CE3 (b); and nitrogen number of CE2 (c), CE3 (d). Positive value stands for significant
molecular characteristics of CD, and negative value stands for that of CF. Fractions of compounds are normalized to sum of signals
of all organics in CD and CF, respectively.
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Figure S4. Kendrick mass defect plot based on O of compounds in (a) CE2 and (b) CE3. Data points are color-coded by differences
of fraction of compounds between CD and CF and sized by the O/C ratio. Fraction of compounds are normalized to the sum of
signals of all organics in CD and CF, respectively. Note that, for conciseness, data points in CE3 with normalized signal difference

between —0.0003 and 0.0003 (appearing nearly white) are not shown here. The molecular formulas include the reagent ion Na*,
which is not shown for simplicity.



Table S1: General characteristics of CE1-CE4, including PMz.s and CO concentration, meteorological parameters (RH and T),
origin of air mass, and duration time of each whole cloud episode, respectively. Measured values are shown as mean * standard

45 deviation.

CEl CE2 CE3 CE4

PMy s (ug m™) 4.343.0 5.3£6.7 13.5£1.5 3.8+£3.6
CO (ppm) 0.294+0.03 0.26+0.06 0.17+0.002 0.19£0.03
RH (%) 94.7£12.0 97.7+6.7 90.8+5.9 95.049.1
T (°C) 15.1+1.7 15.7+£3.0 18.0+0.6 17.344.0

Southwest then Southwest then turns to
Origin of air mass Southwest Southeast

turns to north northwest
Duration time (hour) 14 225 1.5 34
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Table S2: Compounds with larger fraction in CD than CF in CE1, CE2, CE3, and CEA4.

Formula

CEl C4H4NO4 C8H13NO7 CI10H17NO6 C15H23NO8
C4H605 C8HI13NO8 CI0H17NO7 C15H25N08
C5HI3NO2 C8H1406 C11H1606 C17H13NO4
C5H8N203 C9H1206 CI11H17NO7 CI18H19NO7
C5H1204 C9H1207 CI1HI19NO8 C18H23NO7
C6H405 C9H13NO7 C11H23NO10 C18H5409Si9
C6H1006 C9H1407 CI12H19NO7 C19H25NO7
C7H805 C9H15NO7 CI2H19NO8 C19H23NO6
C7H806 C9HI15NO8 CI3H15NO6 C21H31NO6
C7H1007 CI0H13NO8 CI3H19NO7 C23H17NO
C7HI11INO7 C10H1407 C15H25N0O6 C23H21INO4
C7HI1NOS CI0H15NO7 C15H25N0O7 C25H3207
C8H604 CI10H15NO8 C15H1506 C27H2003
C8H1006 CI10H15NO9 CI15H15NO7
C8HI1NO7 CI10H1607 CI15H23NO6

CE2 C3H2N203 C9H8O05 CI11H1806 C14H23NO6
C4H4NO4 C9H1206 CI11H19NO8 C14H23NO8
C4H804 C9H13NO7 C11H2008 CI15H19NO6
C6H8O7 CY9H13NO8 CI11H23NO10 C15H25N0O6
C6HINO7 C9H1407 CI2H1206 C15H25N0O7
C6H1206 C9H1408 CI12H1607 C15H1506
C6H15NO2 C9H15NO6 CI2H1608 CI15H15NO7
C7H805 C9H15NO7 CI2H17NO7 CI15H17N305
C7H806 C9H15NO8 CI2H17NO8 CI15H21INO9
C7HIIN C9H1606 CI12H1807 C15H2207
C7HIINOS C9H17NO6 CI2H1808 C15H23NO6
C7HI1NOG6 C10H805 CI2H19NO7 CI15H23NO8
C7HI11INO7 CI10H1207 CI2H19NO8 CI15H25N0O8
C7HI1NOS CI10H15NO6 C12H2407 C16H19NO6
C7HI1IN3 CI10H15NO7 CI3H19NO8 C16H4808Si8
C7HI13N2SO CI10H15NO9 CI13H15NO6 C17H13NO4
C8H604 C10H14N2 C13H1807 C17H22N205
C8H1008 CI0H17NO6 CI3H1808 CI18H19NO7
C8HI1NO5 CI0H17NO7 CI3H19NO7 CI8H21NO7
C8HI11NO7 CI0H17NO8 C13H2006 C18H5409Si9
C8H1406 CI10H1806 CI13H21INOG6 CI19H17NO3
C8HI13NO7 CI10H19NO6 CI13H21INO7 C19H25N0O6
C8HI3NOS C11H1407 C13H21NO9 C20H2407
C8H1406 CI11H1605 C13H2406 C21H25NO7
C9H7N20 C11H1607 CI14H21NO7 C25H3207
CI9HTN202 C11H1608 CI14H21NO8 C27H2003
C9HS8SO C11H17NO7 C14H21NO9

CE3 C4H7NO3 CI12H1007 C15H2205 CI19H1806
C4H7N303 C12H13NO6 C15H2204 C19H19NO2
C4HR0O4 C12H1407 C15H2407 C19H2007
C4HIN303 CI2H15NO5 C15H2606 C19H2205
C5H1004 CI12H16010 C15H2606 C19H2207
C5H1204 CI12H19NO5 C15H2806 C19H23NO4
C5H1004 CI12H19NO6 C15H3207 C19H23NO6
C6H4S03 CI2H21NO6 C16H23NO5 C19H2407




Formula

C6H1003 C12H2407 CI16H25NOS5 C19H2604
C6HI1NOS C12H36068Si6 CI6H27NO4 CI19H2606
C6H1204 CI3H1205 CI16H27NO6 CI19H2806
C6H1206 CI13H1405 CI16H27NO7 CI19H2908
C6H14N2 CI13H1406 CI16H29NOS5 CI9H31INO6
C6H14N20 CI3H15N307 C16H33NO6 CI19H3805
C6HI5NO2 CI13H1807 CI16H15NO C19H39NO4
C6HI5NOS CI3H17NO4 CI6H19NO6 C20H29NO5
C6H15N30 CI3H1805 C16H2204 C20H12N2
C6H17N303 CI3H1808 C16H2209 C20H14N202
C7H1003 C13H2006 C16H23NO3 C20H2205
C7HIIN3 CI3H19NO6 C16H23NO4 C20H2404
C7H1208 C13H2207 C16H2405 C20H2406
CT7THIS5N2 CI3H2INO6 CI16H25NO8 C20H2407
CT7THI8N2 CI13H2205 C16H2608 C20H30010
C8HI5NO4 C13H2406 C16H2804 C20H3209
C8H403 CI14H15NO7 C16H2805 C20H35NO7
C8H5NO4 C14H23NO7 C16H2806 C20H3605
C8H7NO C14H7NO4 C16H32010 C21H2INO6
C8H1302 C14H1404 CI7H33NO4 C21H25NO7
C8HI3NO6 Cl14H1604 CI7H33NO5 C21H2205
C8HI5N2 C14H1605 CI7H37N5 C21H23NO2
CY9H7NO2 C14H16N203 CI7HIIN C21H25NO6
CY9H1002 CI14H19NO7 C17H1806 C21H2606
C9H1002 C14H2008 C17H1808 C21H2608
CY9HI3NO2 CI14H2INO C17H2205 C21H27NO8
C9H1407 C14H2204 CI17H22N20 C21H2808
CO9HI5SNO C14H23NO4 CI17H22N205 C21H3402
CY9HI5NO3 C14H23NOS5 C17H2405 C21H3805
COHI5NO4 C14H23NO6 C17H26N20 C22H33NO0O4
CO9HI15NO6 C14H2406 C17H27NO3 C22H2605
C9H160 C14H2407 C17H2807 C22H3407
C9HI19S C14H25N0O2 CI7H29NO C22H3806
CI10H1207 CI14H25NO5 CI17H29NO7 C23H39NO4
CI0H12N204 C14H25NO6 CI8H25N0O4 C23H2205
CIOH13NO6 C14H2605 CI8H27NOS5 C23H2606
CI0H15NO4 C14H2805 CI18H29NO6 C24H29NO4
CI0H14N2 C14H2804 CI8H1606 C24H2805
CI10H2005 CI14H31N3010 CI18H2006 C24H5008
CI11H1204 CI5H21INO8 CI18H2205 C25H17NO4
CI1H1605 CI5H25NOS5 CI18H23N C26H2906
CI1H1608 CI5H1203 CI8H27NO7 C26H29NO
CI1H17NO6 CI5H11INO2 C18H2807 C27H3802
CI1H19NOG6 CI5H13N305 CI8H35NO5 C27H5004
CI11H2006 CI5H15NO2 CI8H35N308 C28H2402
CI11H20N205 CI5H1808 C18H5409S19
CI1H21NOS CI5H19NO4 CI9H27NO3
CI1H21NOG6 CI15H2004 CI9H27NO4

CE4 C3H2N203 C9HSSO CI11H1605 C14H23NO8
C4H4ANOA4 CI9H8OS5 CI11H1606 CI5H25NO6
C4H605 CI9H1006 CI11H1607 CI5H25NO7




Formula

C4H804
CSHI3NO2
C5H605
C5H606
C5H8N203
C5H1004
C5H1204
C6H10N207
C7H806
C7H1007
C7HI1INO6
C7HIINOS
C7H1206
C8H1204
C8H1405
C8H1406
C8HI3NO7
C8HI3NOS
C8H1406
C9H7N202

C9H1206
CI9H1204
C9H1207
C9H13NO7
CY9HI13NOS
C9H1408
C9H1606
CI10H8O5

C10H12N204

CI0OH13NO8
CI0H15NO6
CI0H15NO7
CI0H15NO8
CI0H15NO9
CI0H17NO6
CI0H17NO7
CI0H1805
C10H20010
CI11H9NO2
C11H1407

CI11H17NO7
CI11H1806
CI11H23NO10
CI12H1607
CI12H1608
CI12H17NO7
C12H1806
CI12H1807
CI12H1808
CI2H19NO7
CI2H19NO8
C12H2407
CI13H1206
CI13H1807
CI3H19NO7
CI13H2006
CI14H15NO7
CI14H21NO8
C14H16N203
C14H2006

CI15H1203

CI5H1506

CI15H2005

C15H2207

CI5H23NO6
CI5H23NO8
CI5H25N0O8
CI7H13NO4
CITHI9NO7
CI8H19NO7
CI18H2INO7
C18H23NO7
C19H25NO7
CI9H23NO6
C20H31INO8
C20H33NO8
C22H25N0O6
C25H3207
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Note: Duplicated molecular formulas originate from different ion adducts from the ionization of EESI-TOF-MS.



